Analog engineers get analysis tools 



P Spice Advanced Analysis from Cadence De- 
sign enables analog/mixed-signal-circuit en- 
gineers to employ advanced design methodologies 
on the Windows NT and 2000 platforms. The 
PSpice Advanced Analysis option provides inte- 



gration with Cadence's Con- 
cept HDL and Oread Capture 
pc-board design-capture 
tools. The package offers cir- 
cuit-analysis tools in an inte- 
grated environment, elimi- 
nating the need to integrate a 
number of point tools into the 
development flow. 

In analog-circuit design, 
you come to a point when you 
know the design topology and 
the specifications but have not 
yet determined the final com- 
ponent values. The software 
enables engineers to pick up 
the design at that point and 
tune it to their specifications 
by evaluating and improving 
the design robustness and 
manufacturing yield. The 
software enables virtual pro- 
totyping by combining sensi- 
tivity analysis, optimization, 
yield analysis, and stress 
analysis to address design 
complexity and price, per- 
formance, and quality re- 
quirements. 

Sensitivity analysis uses 
measurement definitions to 
provide insight into the sig- 
nificance of components in 
relation to performance. In 
addition, sensitivity analysis 
identifies components whose 
variation significantly affects 
each measurement, helps en- 
gineers choose the most effec- 
tive parameters to adjust to 
improve performance, and 



helps reduce costs by showing 
engineers which parts can 
have looser tolerances. 

Optimization automatical- 
ly calculates component val- 
ues to meet design specifica- 
tions and maximize per- 
formance. The tool offers four 
optimization engines to help 
get a new design topology to 
meet performance specifica- 
tions or to push performance 
in an existing design. 

Yield, or Monte Carlo, 
analysis predicts product yield 
before production by en- 
abling early statistical analysis, 
which generates reports for 
measurements, including 
probability-density histo- 
grams; probability-distribu- 
tion plots; and statistical data, 
such as minimum, maximum, 



mean, and median values; and 
standard deviation. 

Stress, or "smoke," analysis 
improves the reliability of a 
design by reducing the likeli- 
hood of hardware failure. De- 
signers can analyze a circuit 
looking for devices that ex- 
ceed various safe operating 
limits, such as overvoltage, 
power dissipation, secondary 
breakdown, and junction 
temperature before the proto- 
type "goes up in smoke." 

The PSpice Advanced An- 
alysis solution is available as 
an option to the PSpice or 
PSpice A/D products, or as 
part of the new PSpice Studio 
product. PSpice Studio in- 
cludes Pspice A/D and the 
Pspice Advanced Analysis op- 
tion; price is $6600 for a one- 
year license. It runs on Win- 
dows 98, Windows NT 4.0 
SP6a or later, and Windows 
2000.— by Gabe Moretti 
►Cadence Design Systems 
Inc, 1-800-746-6223, www. 
cadence.com. 

©Enter No. 470 at 
www.ednmag.com/info. 



QUARTER-BRICK 
DC/DC CONVERTERS 
PRODUCE 100W 
AND REQUIRE NO 
HEAT SINK 

The new kid on the block in 
dc/dc converters, di/dt Inc, has 
announced its 0.26-in.-high, 
surface-mountable, input-out- 
put-isolated, quarter-brick Q 
series. The $92 (1000) series 
includes a 30A, 3.3V unit that, 
with airflow of 300 If m, deliv- 
ers 100W at 40°C Typical effi- 
ciency is nearly 90%, so with 
airflow of 200 Ifm, this unit 
delivers 24A at 70°C Through- 
hole-mounted units with the 
industry-standard quarter-brick 
pinouts are available, as are 
25A versions. Input-voltage 
ranges are 36 to 75V (48V 
nominal) and 18 to 36V (24V 
nominal). Output voltages are 
3.3, 2.5, 2, 1.8, and 1.5V dc, 
trimmable +10% and -25% 
using industry-standard resist- 
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ADVANCED ANALYSIS OPTION 



Cadence's PSpice Advanced Analysis promotes reliability and cost effi- 
ciency before you commit to hardware design. 



ance values. Input-output iso- 
lation meets the basic require- 
ments of EN60950. The units 
weigh less than 1 oz, occupy 
2.3X1.45 in. on a pc board, 
and require no heat sink. The 
manufacturer has licensed 
Power-One Inc (www.power- 
one.com) as a second 
source.-by Dan Strassberg 
►di/dt Inc, 1-760-795-3640, 
www.didt.com,@Enter No. 471 



FACTOID* The average credit-card-fraud rate is 7 cents per $100 charged, compared with the online rate of 25 cents to 28 cents per $100, 
according to Jupiter Media Metrix. 
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Integrated Circuit 
Susceptibility to Conducted 
RF Interference 




Franco Fiori 




The complexity of today's ICs provides many avenues for 
conducted interference as well as associated challenges 
for the product designer. ^^fto 



In the presence of electromagnetic pollution, cables of 
electronic systems can act as receiving antennas and cap- 
ture disturbances (see Figure 1). Owing to the super- 
imposition of interference on intentional signals, electron- 
ic equipment modules could display unwanted behavior. 

Sources of electromagnetic interference (EMI) include 
lightning events, radio transmitters, radar devices, and 
transmitters of wireless communication systems. Unwant- 
ed interference can also be produced by the operation of 
electronic circuits. 

The immunity of electronic equipment to EMI typically 
can be increased by using a metal can as a shielding box, by 
incorporating filters on printed circuit boards (PCBs), and 
by employing filtered connectors. However, these measures 
often are expensive and incompatible with volume appli- 
cations. In such cases, it becomes necessary to design robust 
integrated circuits (ICs). 

Today's manufacturing technology makes it possible to 
design complex ICs in which analog and digital circuits are 
integrated on the same die. Unfortunately, analog circuits 
are usually susceptible to continuous conducted radio- 
frequency interference (RFI), while digital circuits exhibit 
high susceptibility to pulsed conducted interference. Thus, 
interference collected into complex ICs induces inter- 
modulation, cross-modulation, rectification, and other 
deleterious effects that cause upsets in the operation of 
the circuits. 

This article examines the nature of the RFI-induced prob- 
lems to which ICs are susceptible, focusing on the effects of 
RFI on nonlinear active devices, operational amplifiers, and 




Integrated circuits can collect interference, causing intermod- 
ulation, cross-modulation, rectification, and other electronic 
disturbances. 



RFI Effects in Integrated Active Devices 

AH electronic devices are inherently nonlinear. Every non- 
linearity, when driven by a large signal, produces distor- 
tion of the output signal. For instance, in the circuit shown 
in Figure 2, continuous-wave RFI is applied to a forward- 
polarized diode. The current through the diode is not si- 
nusoidal, and the mean value is different from that obtained 
without interference. The experimental results achieved 
h a test setup are reported in Figure 3 and show 
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technologies in our past proceedings, 
they are always available. 

Our second level is the development 
and the ongoing refinement of device- 
testing standards. Probably one of the 
greatest achievements of our standards 
organization is in the development of 
device-testing standards so that engi- 
neering interests can not only confirm 
their designs but support their devel- 
opment. If you don't have a reference 
for what you have developed through 
device and product design, if you can't 
test it and quantify its performance, 
how are you going to know? Now that 
you make a device, how do you control 
the process that protects the device? 
And that comes from 20.20 because it 
covers the environment, the materials, 
and the people in all aspects, from 
training on through the process. If I say 
in my plan that I'm going to use a new 
guideline to control my process in 
which ESD protection is critical, who is 
to say I've done it properly? If I have a 
good reference, a guideline like 20.20, 1 
can have my facility certified and con- 
firmed by an independent, ISO-level 
third party. 

There is a vertical structure depend- 
ing on the interests and the commitment 
of an organization, but that's only one 
side of the coin. Where do you get the 
people? How do you develop the people? 
This is the third level of our response. We 
develop people through providing mul- 
titracked education through our nation- 
al tutorial, which includes basic and 
factory issues and intermediate and ad- 
vanced design. We're trying to provide 
input to all levels of the organization that 
have to make decisions and design pro- 
cesses and products. We're trying to cross 
the multiplicity of lines in terms of sub- 
ject matter. The RF industry often has 
different interests than the MR industry, 
for instance. 

We provide education through our 
local chapters and regional tutorial 
programs. We prepare individuals to 
take professional-level certification 
exams from an independent third 
party, in this case NARTE. Not only can 
you certify a facility, you can certify an 
individual's knowledge level in dealing 
with either the technical or engineering 
issues in relationship to the process and 
product. The association's point of 



view is that we want to provide engi- 
neers, engineering teams, and corpo- 
rations with a multiplicity of input. 
We're not going to design products for 
them, any more than we do market 
analysis for people who make static- 
control materials. But to provide guide- 
lines, information, and education, to 
promote some harmony in the indus- 
try, to help the industry develop ESD- 



control technology — that's the chal- 
lenge, and that's where the fun is, when 
you get right down to it, because this is 
the heart of the association. 

Stephen Halperin can be reached at 
shalperin@halperinassoc.com. For more 
information about the ESD Association 
and the EOS/ESD Symposium, visit 
http://www.esda.org. ■ 
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FIC fuseholders 
suppress 

RFI and EMI 

emission 

(and provide blown fuse indication, too) 



FIC's highest quality 8500 series fuseholders, which help meet 
today's stringent RF 1/EMI emission control standards, are now 
included in Military Fuseholder Specification M1L-PRF-19207. 
Designed for ! A" or W32" fuses, these shielded indicating and non- 
indicating fuseholders permit watertight front panel mounting for 
easy, cost-saving accessibility. 

FIC manufactures industrial and military 
fuseholders, fuse clips and blown fuse indicators, and 
is a distributor of fuses, fuseholders, terminal 
boards, and batteries. 
Call or write for more information. 
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Figure 1 . Incident field coupled with cables and PCB traces, de- 
tectable as dc current measured in milliamperes. 
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Figure 2. Schematic description of the test setup required to 
evaluate the upset due to RFI of the dc quiescent operating 
point in a diode. 

the modification of the diode dc current (J D ) versus the dc 
voltage (V D ) applied to its terminals. 

The rectification phenomenon modifies the dc quiescent 
current level, introducing an offset whose amplitude is 
dependent on the radio-frequency (RF) signal amplitude 
and frequency. 

Susceptibility of Bipolar Transistors. An RF voltage ap- 
plied to the base-emitter junction of a bipolar transistor, 
polarized in the active region, induces a variation of the 
transistor quiescent operating point because the emitter 

All electronic devices 
are inherently nonlinear. 
Every nonlinearity, when 
driven by a large signal, 
produces distortion. 

current crowding and base-emitter junction rectification 
phenomena occur.'- 3 

The quiescent-operating-point upset due to RFI applied 
to the base-emitter junction can be experimentally evalu- 
ated by the test bench diagrammed in Figure 4. In this setup, 
the RF power delivered from the RF source and that 

November/December 2000 




Integrated circuits can be designed to 
minimize conducted interference. 



Figure 3. Effects of RFI on the characteristics of a forward-polarized diode. V D and l 
ate, respectively, the mean value of the diode voltage and current. This graph depicts 
several l-V diode characteristics obtained with RFI of a different amplitude. 



reflected by the device under test (DUT) can be measured 
by two power meters connected to a directional coupler. 
The bias tee circuit connected to the transistor base 
terminal allows the superposition of interference on the 
base-emitter voltage. Another bias tee connected to the col- 
lector makes possible the supply of the DUT and con- 
fines the RF signal to the load Z L . 

Running the test depicted in Figure 4 can generate tran- 
sistor output characteristics like those shown in Figure 5. 
The experimental results indicated by circles are measure- 
ments of dc voltages and currents made when an interfer- 
ing signal was applied to the base-emitter junction. Cross- 
es in the same figure indicate results obtained without 
interference. Additional experimental results (not shown 
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Figure 4. Schematic description of the test setup for the evalu- 
ation of the upset induced by RFI in the dc quiescent operating 
point of a bipolar transistor. Ic, V CE , and V Be , respectively, are the 
mean values of the collector current, the collector-emitter volt- 
age, and the base-emitter voltage. 
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here) displayed a set of output char- 
acteristics pertinent to the case of 
RF disturbance applied between the 
collector and the emitter terminals. 
Predicting Behavior Responsive to RFI. Nowadays, sim- 
ulation tools such as SPICE (Simulation Program with In- 
tegrated Circuit Emphasis) aid in the design of analog ICs. 
A circuit simulator uses a nonlinear circuit model of each 

RF interference induces 
in a bipolar transistor 
emitter current crowding 
and rectification 
phenomena. 

active component, and predicts voltages among nodes and 
currents through circuit branches. 

For instance, the model of Gummel and Poon considers the 
bipolar transistor as a one-dimensional device, and a large- 
signal equivalent circuit describes relations by which voltages 
and currents at the four terminals can be evaluated. 4 How- 
ever, RF interference induces in a bipolar transistor emitter 
current crowding and rectification phenomena, both 
of which require a distributed modeling. Prediction of dc 
quiescent-operating-point shift due to RFI applied to the 
base-emitter junction can be undertaken with the help of 
the modified Gummel-Poon model, which also operates in 
SPICE-like simulators. 5 

Susceptibility of MOS Transistors. In a way similar to 
that used to evaluate the susceptibility of bipolar transistors, 
a test setup can be used to evaluate the effect of RFI in metal 
oxide semiconductor field-effect transistors (MOSFETs). 
The mean value of the drain current versus drain-to-source 
voltage is reported in Figure 6. In that figure, the circles 
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represent cases of voltages and cur- 
rents measured when RF disturbance 
was added to the dc gate-source volt- 
age and the crosses represent results 
obtained without RFI. Disturbances on 
the gate-source terminals increase the 
dc drain current. 

MOS transistors can be considered 
less susceptible than bipolar transis- 
tors, since RFI induces in a bipolar 
transistor a variation of collector cur- 
rent higher than that induced in the 
drain current of an MOS transistor. As 
a matter of fact, field-effect transistors 
are inherently less susceptible to RFI 
than bipolar transistors because of 
their smoother nonlinearity. 
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Susceptibility of 
Operational Amplifiers 

Operational amplifiers (op amps) 
are circuit blocks widely used in the 
design of analog and mixed-signal cir- 
cuits. Though popular, op amps are ex- 
tremely susceptible to conducted RFI. 
For this reason they have been the sub- 
ject of many technical papers. ! > 6 

A circuit composed of an op amp 
with a negative-feedback network 
could show an unwanted output off- 
set if RFI reaches the op amp's in- 
verting or noninverting input. For 
example, if RFI is applied to the non- 
inverting input in a voltage follower 
configured as in Figure 7, a dc output 
offset voltage can be observed. Exper- 
iments performed on general-purpose 
op amps such as the uA741 have shown 
that the dc output offset voltage am- 
plitude is dependent on the interfer- 
ence frequency, as shown in Figure 8. 
In addition, the offset value depends 
on the properties of the feedback net- 
work and on the amplitude of the 
disturbance. 

The generation of offset observed at 
the output can be explained with ref- 
erence to the nonlinearity of the op 
amp. If interference drives the op amp 
under test in slew-rate limitation and 
the positive slew rate is different from 
the negative one, then output offset 
voltage is generated. Figure 9 shows the 
output voltage of an op amp in voltage 
follower configuration, with an asym- 
metric slew rate and driven in slew- 
rate limitation by RFI. Interference also drives the nonlin- 
earity of transistors of the differential stage, and an extra 
output offset voltage appears. 
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Figure 5. Experimental results of immunity tests performed on a bipolar transistor. Cir- 
cles represent measurements executed in the presence of RFI (with a frequency of 1 MHz 
and source available power of -1 dBm), while crosses indicate results of measurements 
executed without interference. Interference was applied on the base-emitter junction. 
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Figure 6. Experimental results of immunity tests performed on a MOS transistor. Cir- 
cles represent measurements executed in the presence of RFI (with a frequency of 50 
MHz and source available power of dBm), while crosses indicate results of mea- 
surements executed without interference. Interference was applied on the gate-source 
terminals. 



Susceptibility of Digital Circuits 

The discussion now turns to the effects of conducted in- 
terference on the behavior of digital ICs. In fact, most in- 








Figure 7. Noninverting voltage follower. 



tcrference is collected by cables and PCB traces while inter- 
ference collected by package lead-frame and bonding inter- 
connections is negligible. Digital signals corrupted by in- 
terference, which are applied to the input of a line receiver, 
can be described by the scheme appearing in Figure 10. 

Common digital circuits are very susceptible to pulsed 
interference, such as burst and electrostatic discharge 
(ESD), while they offer good immunity to RF interference. 
Because of their amplitude and fast edges, burst and ESD 
can very easily induce logic errors, especially if their effect 
is latched in a memory device. Particular care must be paid 
to the set of reset pins, which can be triggered by a pulse 
disturbance. 

Static Errors. In the case where a static signal has been 
applied to the input of a digital receiver, interference of am- 
plitude higher than the commutation 
threshold induces the commutation of 
the receiver output signal. 

Regarding RFI, a distinction must be 
made between disturbances within the 
bandwidth of the receiver under test 
and RF signals at frequencies higher 
than the device maximum operating 
frequency. The signal has a frequency 
compliant with the bandwidth of the 
DUT: then, if the RF voltage is higher 
peak to peak than the logical dynamic, 
the output will switch according to the 
input disturbance. If the signal is over 
the maximum operating frequency of 
the DUT, then the possibility of caus- 
ing an upset of a logic level so as to 
change the logic output state is con- 
fined to very strong disturbance am- 
plitudes, well over the usual test lev- 
els. However, the RFI induces a 
modification of the logic levels for 



both bipolar and complementary metal oxide semiconduc- 
tor (CMOS) logic circuits, along with a consequent reduc- 
tion of noise margins. 7 

Dynamic Errors. Interference collected by a digital com- 
munication system may induce dynamic failures. The pres- 
ence of interference over a digital signal can modify the 
time at which line-receiver commutation occurs, and tim- 
ing failures can be induced. 

Common digital circuits 
offer immunity to RF 
interference but are 
susceptible to pulsed 
interference such as 
burst and ESD. 

Usually, CMOS-receiver dynamic failures occur before 
static ones do, and these dynamic failures could be the cause 
of failures in very-large-scale integration (VLSI) devices. 
Because of the extra propagation delay of the line receiver 
due to interference, the logic gate's settling time and hold 
time, and the sampling-time masks, cannot be respected. 
The extra propagation delay induced by RFI in a line re- 
ceiver depends on the amplitude and the frequency of the 
disturbing RF signal and also on the phase of the logic input 
signal. Figure 11 portrays the modification of the line- 
receiver propagation delay induced by 20-MHz RFI with 
an amplitude of 1 V. 8 - 9 

Conclusion 

In summary, analog cells immune to conducted RFI can 
be obtained by designing low-distortion circuits. Using 
MOS transistors instead of bipolar transistors can achieve 
this end. Choosing circuit topologies that account for pre- 
distortion and postdistortion can also help obtain desired 



1 



0.5 



-0.5 



-1 



! 

: 
t 

j 

! 


I 

I 
1 

: 

j 




I 
j 






: : : 

i ! i 

| I j 



0.01 



0.1 



Log frequency (MHz) 



10 



100 



Figure 8. Output offset voltage of a uA741 op amp in voltage follower configuration. 
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Figure 9. Output offset voltage due to the difference between positive and negative slew-rate limitation. 
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Figure 10. Representation of a digital signal corrupted by In- 
terference and applied to the input of a line receiver. 



immunity. With regard to op amps, controlling slew-rate 
symmetry can greatly reduce output offset voltage. Finally, 
common digital circuits are very susceptible to pulsed in- 
terference such as burst and ESD, whereas they offer good 
immunity to conducted RF interference. 
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Medical electronics can be found in greatly varying electromagnetic 
environments. The problem is that one set of RFI requirements does not meet 
the needs of all types of equipment. An engineering perspective may help guide 
the latest regulatory efforts. 



E 



lectronics engineers tend to talk about 
electromagnetic interference (EMI) in 
medical electronics in a collective sense. 
But, in actuality, medical electronic equipment 
covers such a wide span of equipment types and 
environments that it is not realistic to apply a 
single set of requirements across the board. 
Some highly sensitive equipment cannot bear 
even a moderate EMI environment, yet other 
devices must be designed to withstand all the in- 
terference modern technology can produce. 

In recognition of this disparity, the second 
draft revision of IEC 60601-1-2 has a much ex- 
panded scope, defining a number of equipment 
categories and environments, and clarifying re- 
quirements for each. 1 And there is more to come. 
Many points are yet to be expanded. Although 
the revision better defines the requirements, the 
longer document requires much closer study to 
determine what parts apply to a given equip- 
ment type. The draft revision is not expected to 
be in effect for at least another year; however, its 
contents and their implications are relevant now. 

The Association for the Advancement of Med- 
ical Instrumentation (AAMI) has proposed this 
document as a national standard. The Food and 
Drug Administration (FDA) made a significant 
contribution to this draft, seeking to improve 
areas containing deficiencies, notably the stan- 
dard's explanation for determining pass/fail cri- 
teria for each equipment type. Although FDA 
has recognized the current version of IEC 60601- 
1-2, existing guidance documents still take 
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